Background: Several in vitro oral biofilm growth systems can reliably construct oral 35 microbiome communities in culture, yet their stability and reproducibility through time has 36 not been well characterized. Long-term in vitro growth of natural biofilms would enable 37 use of these biofilms in both in vitro and in vivo studies that require complex microbial 38 communities with minimal variation over a period of time. Understanding biofilm 39 community dynamics in continuous culture, and whether they maintain distinct signatures 40 of health and disease, is necessary to determine the reliability and applicability of such 41 models to broader studies. To this end, we performed next-generation sequencing on 42 biofilms grown from healthy and disease-site subgingival plaque for 80 days to assess 43 stability and reliability of continuous oral biofilm growth.
between individual donors, making it a useful model for long-term study of biofilm each biofilm source to ensure growth (four biofilm lineages). The HA disks were coated for ten generations, HB1 from 60 to 56, DB2 from 116 to 64, DB3 from 83 to 52, while the 281 number of species in HB2 increased from 56 to 75 (Table S1 ) but remained in the range 282 reported for oral biofilms [43] . The healthy site-derived biofilms averaged 59 species each 283 across the 10 generations, while DB2 averaged 83 species and DB3 averaged 67 across the 284 10 generations. The DB3 plaque inoculum had 154 species detected, and the observed 285 reduction of species detected in biofilms derived from this plaque is consistent with other 286 models of oral biofilm in vitro growth [28] [29] [30] [31] [32] . Our model supports 53-80% of the initial 287 species based on comparison of the plaque inocula for DB3 and the biofilms of that lineage 288 at each generation. The number of species-identified reads in each lineage however 289 decreased from the first to the tenth generation, ie in HB1 from 76,094 to 40,927, HB2 290 from 66, 206 to 31, 677, DB2 from 49, 189 to 20, 239, and DB3 from 28, 597 to 28, 122. 291 However, some species that disappear in a specific generation were again detected in 292 subsequent remaining generations. The disappearing-one-generation-reappearing-the-next 293 pattern seen for many of the species detected suggests that they are present through the 294 entire study, and are simply not detected, which may be a result of low abundance in the 295 biofilm, DNA extraction and amplification bias, different sequencing depths, or sequencing 296 errors.
297
Our independent QIIME analysis classified a comparable number of reads as 298 HOMINGS (3226031 QIIME, 2383617 HOMINGS), and QIIME had nearly half the 299 number of unmatched reads (808149 QIIME, 1869947 HOMINGS) (Table S2 ). However, 300 QIIME taxonomic assignment had lower resolution, identifying approximately half the 301 number of species in each biofilm, demonstrating the superior taxonomic assignment 302 provided by the species-specific probes used in HOMINGS. The taxonomic profile 303 identified by QIIME was similar to that of HOMINGS, with the majority of assignments 304 belonging to genera and species known to inhabit the oral biofilm.
306

Community diversity within healthy and diseased site-derived biofilm lineages 307
There are conflicting reports on the differences in microbial diversity at healthy 308 tooth sites and those experiencing periodontal disease [5, 44, 45] . Therefore, we calculated 309 community diversity scores to assess differences between healthy-and LAP site-derived 310 biofilms using Faith's phylogenetic distance, and observed species. Rarefaction curves show slightly higher diversity in LAP site-derived biofilms than healthy site-derived 312 biofilms for each metric, which were significantly different despite overlapping confidence 313 intervals ( Fig. 2A ). Further substantiation of this observation was seen in rarefaction 314 curves using the Chao1 and Shannon metrics (Additional file 2: Figure S1A ). Diversity 315 metrics were significantly different between healthy and disease site-derived biofilms at 316 20,000 reads, (Phylogenetic distance p ≤ 0.05; Observed species p ≤ 0.001, Shannon p ≤ 317 0.001) with the exception of Chao1 (Fig. 2B , Additional file 2: Figure S1B ). Outliers in the 318 boxplots for each diversity metric are not consistently the same samples, nor are they all 319 early or late generation samples. As diversity in generation 1 is higher than the remaining 320 generations and may be responsible for the significant difference between healthy and 321 disease site-derived biofilms, we repeated our alpha diversity analyses on tables that 322 excluded generation 1 biofilms. We observed that the average alpha diversity scores of 323 healthy and disease site-derived biofilms remain significantly different by observed species 324 and Shannon diversity metrics but not by Faith's phylogenetic distance ( Figure S2 ).
325
To see whether diversity changes substantially through repeated dispersal and re-326 inoculation of the biofilms, we averaged the alpha diversity scores of both healthy site- Figure S1C ). These curves reveal that for each diversity metric, between the first (black 330 line) and second (red line) generations, diversity increases slightly in healthy site-derived 331 biofilms yet decreases slightly in disease site-derived biofilms, while there is no substantial 332 change in diversity between generations after the second generation in either healthy or 333 disease site-derived biofilms. Additionally, we compared the alpha diversity scores 334 between healthy and disease-site derived biofilms for each generation at 20,000 reads to 335 understand if the overall significant difference in diversity is manifested at each generation 336 ( Fig. 3A ,C; Additional file 3: Figure S3A ,C). There were no significant differences in 337 diversity score between healthy and disease site-derived biofilms for any generation at The consistency of biofilm community composition between generations was tested 341 by Spearman's correlation for each lineage. The correlation coefficients demonstrated significant positive and strong correlation between generations (correlation coefficient 0.5-343 0.7, p < 0.001), which was strongly supported by statistical tests (Table 1) . Because low-344 abundance taxa were inconsistently detected between generations, we repeated the tests 345 using a species table containing only species present at >0.1% abundance (Table 1) . After 346 removing low abundance species, the correlation coefficients between generation rose in 347 each lineage (0.6-0.9, p < 0.001), except between the first and tenth generations, however, 348 still maintaining significant correlations, as observed before. 
